We report on the first measurement of elliptic flow 2 p T of multistrange baryons ÿ and ÿ in heavy-ion collisions. In minimum-bias Au Au collisions at s NN p 200 GeV, a significant amount of elliptic flow, comparable to other nonstrange baryons, is observed for multistrange baryons which are expected to be particularly sensitive to the dynamics of the partonic stage of heavy-ion collisions. The p T dependence of 2 of the multistrange baryons confirms the number of constituent quark scaling previously observed for lighter hadrons. These results support the idea that a substantial fraction of the observed collective motion is developed at the early partonic stage in ultrarelativistic nuclear collisions at the Relativistic Heavy Ion Collider. Lattice QCD calculations, at vanishing or finite netbaryon density, predict a transition from the deconfined thermalized partonic matter quark gluon plasma to ordinary hadronic matter at a critical temperature T c 150-180 MeV [1, 2] . Measurements of hadron yields in the intermediate (2 & p T & 6 GeV=c) and high (p T * 6-8 GeV=c) transverse momentum p T region indicate that dense matter has been produced in Au Au collisions at the Relativistic Heavy Ion Collider (RHIC) [3] [4] [5] [6] [7] [8] [9] [10] . Furthermore, previous measurements of elliptic flow of hadrons indicate that the matter created at RHIC is also strongly interacting [11, 12] . Thus, in the early stage of the collision, dense and strongly interacting matter will lead to collective effects among constituents such as transverse collective motion. If these interactions occur frequently enough, the system will then reach thermalization. Because of the initial spatial anisotropy of the system in noncentral collisions, an elliptic component of the collective transverse motion should also be present. Collectivity is cumulative throughout the whole collision and should survive the hadronization process [13, 14] ; therefore, the amount of transverse flow observed in the final state will have a contribution from the prehadronic, i.e., partonic, stage.
Early dynamic information might be masked by later hadronic rescatterings. Multistrange baryons with their large mass and presumably small hadronic cross sections [15] [16] [17] [18] [19] should be less sensitive to hadronic rescattering in the later stages of the collision and therefore a good probe of the early stage of the collision [20] . Indeed, a systematic study of hadron p T spectra from high-energy heavy-ion collisions, using a hydrodynamically inspired model, shows that multistrange baryons thermally freeze-out close to the point where chemical freeze-out occurs with T ch 160 MeV [20, 21] , which at these collision energies coincides with the critical temperature T c [1, 2] . This may mean that multistrange baryons are not, or much less, affected by hadronic rescatterings during the later stage of heavy-ion collisions [15, 16] . Their observed transverse flow would then primarily reflect the partonic flow. Moreover, elliptic flow is in itself considered to be a good tool for understanding the properties of the early stage of the collisions [22, 23] , primarily due to its self-quenching nature. Elliptic flow is generated from the initial spatial anisotropy of the system created in noncentral collisions by rescatterings among the constituents of the system. The generated elliptic flow will reduce the spatial anisotropy of the system and quench its own origin. Thus multistrange baryon elliptic flow could be a valuable probe of the initial partonic system. [24] . About 2 10 6 events from Au Au collisions collected with a minimum-bias trigger are used in this analysis. Multistrange baryons are reconstructed via their decay topology: ! and ! K with the subsequent decay of ! p as described in [20] . Charged tracks were reconstructed in the STAR time projection chamber [25] . Simple cuts on geometry, kinematics, and particle identification via specific ionization are applied to reduce the combinatorial background. A detailed description of the analysis procedure can be found in [20, 26] . Figure 1 shows the invariant mass distribution for (a) ÿ and (b) ÿ candidates from minimum-bias collisions (0%-80% of the total hadronic cross section). The ÿ and ÿ signals appear as clear peaks around the rest masses (indicated by the vertical arrows) in the invariant mass distribution, above a combinatorial background. The combinatorial background of uncorrelated decay candidates under the peak can be determined by sampling the regions on both sides of the peak. It can also be reproduced by rotating the candidates by 180 in the transverse plane and then reconstructing the and candidates. The rotation of the breaks the correlation in the invariant mass and therefore mimics the background of uncorrelated decay pairs. Both background determination methods provide consistent results. In Figs. 1(a) and 1(b) , the combinatorial background as calculated from the rotation method is shown as solid lines. Outside the region of the corresponding mass peak, the rotation method describes the background well. The residual bump at lower invariant mass than the peak in Fig. 1(a) can be understood as fake candidates being reconstructed as fake ; fake random ; p , where and p are the daughters of a real and random is a random . The real correlation between and p remains in the fake reconstruction resulting in the observed bump in the invariant mass distribution. A similar misassociation happens in the case with the addition of the being misidentified as a kaon. Our studies have shown that this residual correlation does not affect the signal peak. The raw yields are then extracted from the invariant mass distribution by counting the number of entries in the mass peak above the estimated background.
The elliptic flow 2 is calculated from the distribution of particle raw yields as a function of azimuthal angle with respect to the event plane angle . The and candidates are divided in ÿ bins, and the raw yields for each bin are extracted from the invariant mass distributions as described above. The event plane angle is used as an estimate of the reaction plane angle [27, 28] . Here, the event plane is determined from the azimuthal distribution of charged primary tracks with 0:2 < p T < 2:0 GeV=c and pseudorapidity jj < 1:0. To avoid autocorrelations, tracks associated with a or an candidate are explicitly excluded from the event plane calculation. Figure 1 shows the azimuthal distributions of raw yields for (c) ÿ and (d) ÿ with respect to the event plane from the minimum-bias collisions in the 1 < p T < 4 GeV=c range. To reduce the statistical uncertainties in the and signal extraction and because of the cos2 ÿ dependence of 2 , we have folded around =2 the candidates in the =2 < ÿ < range into the =2 > ÿ > 0 range. The distributions exhibit a clear oscillation with azimuthal angle ÿ for both and particles, indicating the presence of significant elliptic flow. The dashed lines are the results from fitting a function dN dÿ A1 2 2 cos2 ÿ , where A is the normalization constant. Furthermore, we note that the amplitude of the oscillation for the and are of similar magnitude, indicating that their 2 is similar, as will be discussed later. The finite resolution in the event plane determination smears out the azimuthal distributions and leads to a lower signal in the apparent anisotropy [28] . We determine the event plane resolution by dividing each event into random subevents and determine the correction factor to be 1=0:72 for minimum-bias collisions. In the following, all numbers reported on 2 are corrected for this resolution. Systematic uncertainties in 2 were studied by comparing the background determination methods described above and by changing the cuts used in the and reconstruction. For the , the estimated absolute systematic uncertainties are 0.02 for the lowest p T bin and smaller than 0.01 for all other p T bins. For the , the absolute systematic uncertainty is 0.04 for both measured transverse momentum bins. Correlations unrelated to the reaction plane (nonflow effects) can modify the apparent 2 [11] . Nonflow contributions for multistrange baryons have not been studied yet, but are expected to be similar to those calculated for ( ÿ 0:01 at p T 1 GeV=c and ÿ 0:04 at p T 2:5 and 4:0 GeV=c) [11] . tions using an equation of state with a phase transition at T c 165 MeV and a thermal freeze-out at T fo 130 MeV [30] are shown as dotted lines for K and and as solid lines for and , from top to bottom, respectively. The expected mass ordering in hydrodynamics of 2 p T is observed with lighter particles having larger 2 p T than heavier particles. We note that, in this hydrodynamic model calculation, a significant fraction of the elliptic flow is generated prior to the phase transition.
First, we observe in Fig. 2(a) that for the 2 increases with p T , reaching a saturation value of 18% at p T 3:0 GeV=c. This is similar to the result for baryons [11] . In the lower p T region (p T < 2:5 GeV=c), the results are in agreement with the hydrodynamic model prediction [30] . In the intermediate p T region, however, the results start to deviate (as expected) from the hydrodynamic model prediction, as do the . Second, we observe in Fig. 2(b) that the values of 2 for the are clearly nonvanishing although they have larger statistical uncertainties due to their smaller abundance. Over the measured p T range and considering the statistical uncertainties, the 2 of the is nonzero with 99.73% confidence level (3 effect). The 2 values are, within uncertainties, consistent with those measured for the , indicating that even the triply strange baryon has developed significant elliptic flow in Au Au collisions at RHIC. In the scenario where multistrange baryons are less affected by the hadronic stage [20] and where 2 develops primarily at the early stage of the collision [22, 23] , the large 2 of multistrange baryons reported in this Letter shows that partonic collectivity is generated at RHIC.
Previously, a particle type (baryon versus meson) difference in 2 p t was observed for and p [31] as well as for K 0 S and [11] at the intermediate p T region. The present results on the 2 p t follow closely the ones for , confirming that this observed particle type difference, in the intermediate p T region, is a meson-baryon effect rather than a mass effect. This particle type dependence of the 2 p T is naturally accounted for by quark coalescence or recombination models [32 -34] . In these hadronization models, hadrons are formed dominantly by coalescing massive quarks from a partonic system with the underlying assumption of collectivity among these quarks. Should there be no difference in collectivity among u, d, and s quarks near hadronization, these models predict a universal scaling of 2 and the hadron transverse momentum p T with the number of constituent quarks (n q ). This scaling has previously been observed to hold within experimental uncertainties for the K 0 S and the when p T =n q 0:7 GeV=c [11] .
The n q -scaled 2 versus the n q -scaled p T are shown in Fig. 3 for ÿ 
(open squares) [11] , ÿ (solid circles), and ÿ (solid squares). Except for pions, all hadrons, including and , scale well within statistics. The discrepancy in the pion 2 may in part be attributed to its Goldstone boson nature (its mass is smaller than the sum of its constituent quark masses) or to the effects of resonance decays (a large fraction of the measured pions will come from the decays of resonances at higher p T ) [29, 35] . This further success of the coalescence models in describing the multistrange baryon 2 p T also lends strong support to the finding that collectivity developed in the partonic stage at RHIC. In addition, the good agreement of 2 p T =n q =n q for puud, uds, dss, and sss further supports the idea that the partonic flow of s quarks is similar to that of u; d quarks. Future measurements with higher statistics, specially for the , will allow for a more quantitative comparison.
In summary, we reported the STAR results on multistrange baryon, ÿ and ÿ , elliptic flow 2 from minimum-bias Au Au collisions at s NN p 200 GeV. The observations of sizable elliptic flow and the constituent quark scaling behavior for the multistrange baryons suggest that substantial collective motion has been developed prior to hadronization in the high-energy nuclear collisions at RHIC.
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